Abstract. Monodisperse α-Bi 2 O 3 nanowires with the diameter of 50−100 nm and the length-diameter ratio of 60−100, were synthesized successfully by solution precipitation method, an efficient and convenient route, with the assistance of oleic acid. X-ray diffraction (XRD) and field-emission scanning electron microscope (FE-SEM) were employed to characterize the obtained products. By analyzing the influential factors, it was found that the size and morphology of α-Bi 2 O 3 nanowires were affected mainly by temperature, reagent concentration, drip feed speed, and reaction time. It was found that oleic acid played a crucial role in the formation process of nanowires. And the optimum synthesis conditions were identified to prepare the final products to meet the needs of application.
Introduction
Bi 2 O 3 nanomaterials, especially nanowires, have attracted great attention recently, because of its physical properties, such as high refractive index [1] , dielectric permittivity and oxygen ionic conductivity, as well as a remarkable photoconductivity and photoluminescence response [2] . So far, Bi 2 O 3 nanowires have been successfully prepared by various methods including metal organic chemical vapor deposition (MOCVD) [3, 4] , hydrothermal method [5, 6] , and oxidative metal vapor transport deposition [7, 8] , magnetron sputtering [9] . These techniques need expensive and specialized devices. And operation processes are tedious and inefficient.
In this paper, we prepared monodisperse α-Bi 2 O 3 nanowires by solution precipitation method successfully at room temperature and atmospheric pressure, and studied critical influences on the size and morphology of Bi 2 O 3 nanowires, such as temperature, reagent concentration, drip feed speed, and reaction time.
Materials and Methods

Materials
All chemicals were analytical grade reagents. Bismuth nitrate pentahydrate (Bi (NO 3 ) 3 ·5H 2 O), and nitric acid (HNO 3 ) were purchased from Beijing Chemical Reagent Company, China. Sodium hydroxide (NaOH) and heptane (C 7 H 16 ) were purchased from Xilong Chemical Reagent Company, China. Oleic acid (C 18 H 34 O 2 ) and acetone (C 3 H 6 O) were purchased from Tianjin Fuchen Chemical Reagent Company. Deionized water was used throughout the experiments.
Preparation Method
A typical experiment process is as follows. 5 mmol Bi(NO 3 ) 3 ·5H 2 O dissolved in 50 mL dilute nitric acid solution, and the concentration of solvent HNO 3 was 1.0 mol/L. 15 mL oleic acid, 15 mL heptane, and 50 mL acetone were sequentially added into the solution with continuous stirring. After stirring for 15 min, 40 mL 5 mol/L NaOH solution was added drop-wise into the above solution. And the mixture was kept stirring for another 8 h at room temperature. Subsequently, the resulting yellow precipitate was separated from the solution by centrifugation, and washed alternately with ethanol and deionized water for 3 times, then dried in a vacuum under 80 °C for 10 h. Finally, the canary yellow powder of α-Bi 2 O 3 was obtained.
Characterization
Surface morphologies of as-prepared Bi 2 O 3 nanowires were studied using Hitachi S-4800 field-emission scanning electron microscopy (FE-SEM), operated on 15 kV. The crystal structure and phase purity of the products were determined by a Germany Bruker D8 Advance diffractometer using Ni-filtered Cu/Kα radiation (λ=1.5406 nm) by a scanning rate of 0.02 o s -1 in a range from 10 o to 70 o .
Results and Discussion
Fig There are long and straight nanowires with a diameter of about 100 nm and a length of about ten micrometers. The length-diameter ratio is more than 100, with uniform shape and smooth surface. Most of the nanowires aggregated together to bunch, side by side. Further experiments show that the reaction time, temperature, reagent concentration, and drip feed speed have great influences on the size and morphology of the final Bi 2 O 3 products. Fig.3 shows the effect of reaction time on the diameter of Bi 2 O 3 products. It was found that nanowires possess the more uniform morphology and the small diameter, when reaction time ranged from 4 h to 6 h. The systhesis process of α-Bi 2 O 3 nanowires was conducted at room temperature. However, when the reaction was carried on at 50 °C and 60 °C, it was found that formation mechanisim of nanowires was changed so that no nanowires were obtained, as shown in Fig.5 . Further experiments show that Bi 3+ concentration has a great influence on the morphology of Bi 2 O 3 products. It was found that low concentration was not helpful to forming nanowires. And at lower concentration, flaky nanorods were obtained and tended to align themselves in parallel just like α-Bi 2 O 3 nanowires did, and as-prepared Bi 2 O 3 products had the tendency to grow into nanowires, as shown in Fig.6 . So when c(Bi 3+ ) was 0.2 mol/L, nanowires with good morphology could be obtained. 
The influence of OH
− concentration was also studied. These experimental results in Fig.7 indicate that the diameter of α-Bi 2 O 3 nanowires increased, the length decreased and the length-to-width aspect ratio decreased with the increase of OH − concentration. Also, it was found that both ends of as-prepared products became sharp, with the toothpick-like shape. When kept OH − concentration at 5.0 mol/L, the Bi 2 O 3 nanowires with the diameter of about 50 nm and the length-diameter ratio of more than 100 were obtained. 
Conclusion
In summary, we adopted a facile and mile solution synthesis route to obtain high quality α-Bi 2 O 3 nanowires. The method has many advantages in comparison with other technologies, such as convenient, high yield, and low cost, because of the simple operation only at room temperature and ambient atmospheric pressure. It was found that oleic acid as capping agent plays an important role in the growth control of nanowires.
